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Purpose: To search for risk factors for delayed urinary continence after laparoscopic radical prostatec-
tomy (LRP).
Materials and methods: Patients who received LRP for localized prostate cancer between January 2011
and December 2013 were enrolled. All patients were evaluated with a detailed history, physical exam-
ination, and videourodynamic study (VUDS) prior to the operation. After surgery, they were followed up
in the outpatient department at 1 month, 3 months, 6 months, and 12 months. The clinical patient data
and VUDS parameters were compared between subgroups of patients with and without stress urinary
incontinence (SUI), urgency, or urgency urinary incontinence (UUI) according to their clinical symptoms
6 months after surgery.
Results: A total of 48 patients with a mean age of 72.1 ± 5.68 years were enrolled. Patients with SUI had a
larger mean baseline total prostate volume (TPV) (61.42 ± 30.4 mL vs. 45.64 ± 19.98 mL, p ¼ 0.04), higher
cancer stage (47.6% vs. 18.5%, p ¼ 0.031), and longer operation time (269.95 ± 52.17 minutes vs.
230.15 ± 48.77 minutes, p ¼ 0.011) than those without SUI. Most baseline VUDS parameters were not
signiﬁcantly different between SUI and non-SUI subgroups except for full sensation (FS; p ¼ 0.037) and
the presence of bladder outlet obstruction (BOO; 52.4% vs. 22.2%, p ¼ 0.038). Patients with urgency had a
higher maximal ﬂow rate (p ¼ 0.046) than those without. Patients with postoperative UUI had a larger
ﬁrst sensation of ﬁlling (FSF; p ¼ 0.035) than those without. Interestingly, baseline urodynamic detrusor
overactivity (DO) and BOO did not have an impact on postoperative urgency or UUI. Multivariate analysis
showed no parameters which predicted SUI, urgency, or UUI after radical prostatectomy.
Conclusion: Preoperative small bladder capacity at FS, large prostate, and BOO are predicting factors of
SUI at 6 months after LRP. Baseline DO and BOO did not have an impact on postoperative urgency or UUI.
Copyright © 2015, Taiwan Urological Association. Published by Elsevier Taiwan LLC.
Open access under CC BY-NC-ND license.1. Introduction
Radical prostatectomy is a choice of treatment for patients with
localized prostate cancer.1,2 The number of patients who received
radical prostatectomy has increased rapidly in recent decades.
Although the surgical technique has improved, urinary inconti-
nence is still an unavoidable complication. Approximately 10e14%
of patients complain of incontinence 2e5 years after radical pros-
tatectomy.3 Urinary incontinence is at its worst by 2 months afterBuddhist Tzu Chi General
aiwan.
ciation. Published by Elsevier Taiwsurgery and then improves in most patients. Factors associated
with worse incontinence are older age, black race, and a high
prostatic speciﬁc antigen (PSA) score at diagnosis. Post-
prostatectomy urinary incontinence (PPI) may have a strong impact
on the life quality of patients.4,5
Generally, the majority of patients with PPI eventually regain
continence with an acceptable health-related quality of life.6
However, if PPI persists for a long time, it could have many both-
ersome effects and patients often feel despondent, depressed, or
even suicidal.7e9 Thus, identifying risk factors for PPI is important.10
Several preoperative predictors have been discussed in previous
studies including age, body weight, prostate volume, preoperative
incontinence, and history of a previous transurethral resection of
the prostate, but results are still controversial.11e16 Some surgicalan LLC. Open access under CC BY-NC-ND license.
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The nerve sparing technique seems to be associated with a short
time to recovery of urinary continence, whereas bladder neck
preservation is not considered beneﬁcial.17
Videourodynamic study (VUDS) is a useful tool to evaluate the
storage and voiding status of patients with lower urinary tract
dysfunction. Although several preoperative predictors for PPI have
been assessed, there is still a lack of data on urodynamic changes in
patients after radical prostatectomy. Moreover, the association
between preoperative VUDS parameters and postoperative conti-
nence remains unknown. This study aimed to investigate the
relationship between preoperative VUDS parameters and delayed
urinary continence after radical prostatectomy, and the potential
role of several clinical variables as risk factors for persistent in-
continence after the operation.
2. Materials and methods
This prospective study included the patient and VUDS data from
48 patients who received a laparoscopic radical prostatectomy
(LRP) for localized prostate cancer (Table 1) between January 2011
and December 2013. The surgeries were performed in a standard
extraperitoneal procedure by two urologists (V.C.K. and Y.C.T.) who
had experience in LRP. All patients were evaluated with a detailed
history, physical examination, transrectal sonography of the pros-
tate, PSA, and VUDS prior to the operation. After LRP, pelvic ﬂoor
muscle training was routinely instructed and the exercise was
advised to continue until urinary control was achieved. The pa-
tients were followed up in the outpatient department at 1 month, 3
months, 6 months, and 12 months after surgery.
VUDS was performed prior to radical prostatectomy. The patient
was positioned in the supine position. A 6 Fr dual-channel urethral
catheter was inserted transurethrally to record intravesical pres-
sure and infuse warm normal saline containing 20% urographin. An
8 Fr rectal balloon catheter was used to record the intra-abdominal
pressure. The VUDS was performed at a ﬁlling rate of 30 mL/minTable 1
Baseline characteristics of 48 men who underwent laparoscopic radical
prostatectomy.
Variable Mean ± SD or n (%)
Age (y) 72.1 ± 5.68
Prostate volume (mL) 52.6 ± 26.6
Initial PSA (ng/mL) 33.3 ± 5.93
Urge incontinence 3 (6.3)
Urgency 16 (33.3)
Preoperative VUDS
First sensation of ﬁlling (mL) 116.8 ± 52.2
First sensation (mL) 187.4 ± 80.7
Bladder compliance (mL/cmH2O) 65.3 ± 75.0
Pdet.Qmax (cmH2O) 44.7 ± 20.4
Qmax (mL/sec) 14.9 ± 14.5
Voided volume (mL) 264.7 ± 116.2
Postvoid residual (mL) 31.3 ± 63.8
Bladder capacity (mL) 296.0 ± 105.8
Bladder outlet obstruction 21 (43.8)
BOO index (Pdet at Qmax e 2Qmax) 14.9 ± 36.1
Detrusor overactivity 31 (64.6)
Operation-related factors
Nerve sparing procedure 18 (37.5)
Blood loss (mL) 490.3 ± 372.2
Operation time (minutes) 247.6 ± 54.0
Positive surgical margin 9 (18.8)
Pathology
Advanced tumor stage ( T3a or Nþ) 15 (31.3)
Gleason score ( 7) 26 (54.2)
BOO ¼ bladder outlet obstruction; PSA ¼ prostatic speciﬁc antigen;
Pdet.Qmax ¼ detrusor pressure at Qmax; Qmax ¼ maximum ﬂow rate;
VUDS ¼ videourodynamic study.with men in a standing position. The voiding pressure was deﬁned
as the detrusor pressure (Pdet) at the maximum ﬂow rate (Qmax).
Detrusor overactivity (DO) was deﬁned as evidence of spontaneous
detrusor contractions during bladder ﬁlling (phasic DO) or prior to
uninhibited detrusor contraction voiding at bladder capacity (ter-
minal DO) during the urodynamic study.18 If patients had a strong
desire to void at a capacity of < 350 mL and did not have DO, they
were considered to have a hypersensitive bladder.
Urodynamic parameters were measured and recorded in detail,
including ﬁrst sensation of ﬁlling (FSF), full sensation (FS), bladder
compliance, Qmax, postvoid residual (PVR), voided volume, voiding
Pdet at Qmax (Pdet.Qmax), presence of DO, bladder outlet
obstruction index (BOOI) [deﬁned as Pdet.Qmaxe (2Qmax)], and
presence of BOO.
The VUDS was repeated at least twice to obtain a reproducible
pressure ﬂow tracing. The deﬁnition of BOO was based on the
provisional International Continence Society deﬁnition of
obstruction18 BOO was deﬁned when the pressure-ﬂow study
showed a Pdet.Qmax > 50 cmH2O or a BOOI > 40. In patients with
equivocal pressure ﬂow results, the features of the bladder neck,
prostatic urethra, and external sphincter on voiding cystour-
ethrography were used for the diagnosis of BOO, bladder neck
dysfunction, or poor relaxation of urethral sphincter.19e21
Clinical patient data included the age at prostatectomy, presence
of urgency or urgency urinary incontinence (UUI), total prostate
volume (TPV), initial PSA level, operation time, nerve-sparing sta-
tus, blood loss, cancer stage ( T2c and  T3a), Gleason grade ( 6
and  7), and positive surgical margin.
At 6 months after LRP, all patients were questioned about their
bladder and voiding condition. Stress urinary incontinence (SUI)
and UUI were diagnosed by patients' subjective reports of urinary
incontinence on abdominal straining or coughing (SUI), or at the
episode of urgency sensation (UUI). The presence of SUI and UUI
was further conﬁrmed during VUDS. Patient data and VUDS pa-
rameters were compared between subgroups of patients with and
without SUI, with and without urgency, and with and without UUI
according to their clinical symptoms.
Continuous variables are expressed as medians with standard
deviations (SD). TheWilcoxon rank sum test was used for statistical
comparisons of continuous variables between subgroups. Uni-
variable and multivariable logistic regression analyses were per-
formed to determine whether the factors were predictive of
delayed urinary continence after LRP. All statistical assessments
were two-sided and considered signiﬁcant at p < 0.05. Statistical
analyses were performed using SPSS version 15.0 statistical soft-
ware (SPSS Inc., Chicago, IL, USA).
3. Results
The mean age of patients who received radical prostatectomy
was 72.1 ± 5.68 years. The initial serum PSA level was 33.3 ± 5.93
ng/mLwith a TPV of 52.6 ± 26.6mL. Three (6.25%) patients had UUI,
while 16 (33.3%) patients had urgency symptoms prior to radical
prostatectomy. Preoperative VUDS revealed urodynamic abnor-
malities in 34 (70.8%) patients, including DO in 31 (64.6%) and BOO
in 21 (43.8%) (Table 1).
At 6 months after radical prostatectomy, 21 (43.8%) patients had
SUI, 28 (58.3%) had urgency symptoms, and nine (18.8%) patients
had UUI. All patients voided smoothly after surgery. No DU was
noted in the baseline VUDS.
Patients with SUI after radical prostatectomy had a signiﬁcantly
larger mean baseline TPV (61.4 ± 30.4 mL vs. 45.6 ± 20.0 mL,
p ¼ 0.04), higher cancer stage (47.6% vs. 18.5%, p ¼ 0.031), and
longer operation time (270.0 ± 52.2 minutes vs. 230.2 ± 48.8 mi-
nutes, p ¼ 0.011; Table 2) than those without SUI. Most baseline
Table 2
The demographic characteristics between patients with and without stress urinary






Age (y) 70.7 ± 6.55 73.0 ± 4.85 0.29
Prostate volume (mL) 61.4 ± 30.4 45.6 ± 20.0 0.04
PSA (ng/mL) 47.0 ± 58.3 22.7 ± 47.7 0.13
Blood loss (mL) 533.3 ± 438.7 456.9 ± 306.6 0.49
Operation time (min) 270.0 ± 52.2 230.2 ± 48.8 0.01
UUI 2 (9.5) 1 (3.7) 0.57
Urgency 7 (33.3) 9 (33.3) >0.99
Nerve sparing procedure 7 (33.3) 11 (40.7) 0.60
Positive surgical margin 6 (28.6) 3 (11.1) 0.12
Advanced cancer stage 10 (47.6) 5 (18.5) 0.03
Gleason score  7 11 (52.4) 15 (55.6) 0.83
Data are presented as n (%) or mean ± SD.
PSA ¼ prostatic speciﬁc antigen; SUI ¼ stress urinary incontinence; UUI ¼ urgency
urinary incontinence.
Table 4
The baseline videourodynamic parameters between patients with and without ur-
gency symptoms at 6 months after radical prostatectomy.





First sensation of ﬁlling (mL) 123.5 ± 54.3 107.5 ± 50.2 0.30
Full sensation (mL) 191.9 ± 78.0 181.2 ± 87.9 0.66
Bladder compliance (mL/cmH2O) 78.7 ± 87.1 46.5 ± 53.0 0.15
Pdet.Qmax (cmH2O) 45.8 ± 22.2 45.2 ± 18.6 0.66
Qmax (mL/s) 18.1 ± 18.1 10.5 ± 5.84 0.05
Voided volume (mL) 274.8 ± 101.9 250.7 ± 137.8 0.49
Postvoid residual (mL) 32.9 ± 71.0 29.0 ± 54.0 0.84
Bladder capacity (mL) 307.6 ± 92.8 239.7 ± 124.7 0.38
BOO index (Pdet at
Qmax e 2  Qmax)
9.68 ± 42.6 22.2 ± 24.9 0.25
Detusor overactivity 18 (64.3) 13 (65.0) 0.96
Bladder outlet obstruction 11 (39.3) 6 (30.0) 0.51
Data are presented as n (%) or mean ± SD.
BOO ¼ bladder outlet obstruction; Pdet.Qmax ¼ detrusor pressure at Qmax;
Qmax ¼ maximum ﬂow rate; VUDS ¼ videourodynamic study.
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SUI subgroups except for FS (159.8 ± 82.3 mL vs. 208.9 ± 72.5 mL,
p ¼ 0.037) and the presence of BOO (52.4% vs. 22.2%, p ¼ 0.038;
Table 3). Although a small FSF volume (p ¼ 0.055), lower bladder
compliance (p¼ 0.092) and small bladder capacity (p¼ 0.091) were
also noted in patients with SUI, the differences in these parameters
from the non-SUI group did not reach statistical signiﬁcance.
Therewere no signiﬁcant differences in urodynamic parameters
between groups with and without postoperative urgency, except
for a higher Qmax (18.1 ± 18.1 mL/s vs. 10.5 ± 5.84 mL/s, p ¼ 0.046)
in patients with urgency. Interestingly, the baseline DO and BOO
did not have an impact on postoperative urgency (Table 4). The only
signiﬁcant difference between patients with and without post-
operative UUI was a large FSF in those with UUI (150.0 ± 65.2 mL vs.
109.2 ± 47.1 mL, p ¼ 0.035; Table 5). Multivariate analysis showed
no VUDS parameter which predicted SUI, urgency or UUI after
radical prostatectomy.4. Discussion
Urinary incontinence is not rare among patients who receive a
radical prostatectomy. It has been reported to be as high as
10e14%.3 Bladder and urethral sphincter function might change
after the operation because of the absence of a prostate and bladder
neck. In addition, injury to the pelvic nervous plexus mightTable 3
The baseline videourodynamic parameters between patients with and without
stress urinary incontinence at 6 months after radical prostatectomy.





First sensation of ﬁlling (mL) 100.3 ± 47.3 129.6 ± 52.1 0.06
Full sensation (mL) 159.8 ± 82.3 208.9 ± 72.5 0.04
Bladder compliance (mL/cmH2O) 44.4 ± 38.5 81.5 ± 90.8 0.09
Pdet.Qmax (cmH2O) 49.3 ± 23.2 41.2 ± 17.0 0.18
Qmax (mL/s) 15.0 ± 15.5 14.9 ± 13.8 0.97
Voided volume (mL) 247.4 ± 119.8 278.2 ± 111.4 0.37
Postvoid residual (mL) 19.1 ± 43.6 40.7 ± 73.5 0.25
Bladder capacity (mL) 266.4 ± 110.6 319.0 ± 95.8 0.09
BOO index (Pdet at
Qmax e 2  Qmax)
19.3 ± 43.2 11.4 ± 28.8 0.47
Detrusor overactivity 16 (76.2) 15 (55.6) 0.14
Bladder outlet obstruction 11 (52.4) 6 (22.2) 0.03
Data are presented as n (%) or mean ± SD.
BOO ¼ bladder outlet obstruction; Pdet.Qmax ¼ detrusor pressure at Qmax;
Qmax ¼ maximum ﬂow rate; SUI ¼ stress urinary incontinence;
VUDS ¼ videourodynamic study.contribute to post radical prostatectomy voiding dysfunction and
urinary incontinence. Several preoperative predictors of PPI have
been discussed in recent studies, but there is still no consensus
on which factors precisely predict postoperative urinary
incontinence.4,9e13
One of the main determinants of prevalence is the time
following surgery, since continence is regained after radical pros-
tatectomy over the 1st year in many patients.22 Continence after
radical prostatectomy depends on minimizing injury to the striated
urethral sphincter and the use of well-designed surgical tech-
niques.23 Patients who undergo a nerve-sparing radical prostatec-
tomy appear to have a better chance of achieving continence than
those undergoing a standard radical prostatectomy.24 Recent en-
hancements to the nerve-sparing prostatectomy may preserve
external sphincter function and shorten the time to postoperative
continence.24
Several abnormal ﬁndings have been noted in the postoperative
VUDS of patients with PPI, including intrinsic sphincter deﬁ-
ciency,25,26 DU, abdominal voiding,27 DO, reduced bladder
compliance, and mixed ﬁndings.26,28 However, it is not certain
whether these abnormal urodynamic ﬁndings are the true causes of
PPI or only concomitant ﬁndings. Groutz et al29 evaluated 83 men
with a mean age 68 years who were consecutively referred for
persistent PPI following radical retropubic prostatectomy. They
reported that urinary stress incontinence (USI) was the mostTable 5
The baseline videourodynamic parameters between patients with and without ur-
gency urinary incontinence at 6 months after radical prostatectomy.





First sensation of ﬁlling (mL) 150.0 ± 65.2 109.2 ± 47.1 0.04
Full sensation (mL) 213.9 ± 95.9 181.3 ± 78.0 0.29
Bladder compliance (mL/cmH2O) 88.8 ± 48.3 59.8 ± 80.3 0.31
Pdet.Qmax (cmH2O) 51.0 ± 23.9 43.3 ± 19.8 0.31
Qmax (mL/s) 26.6 ± 25.8 12.2 ± 9.33 0.14
Voided volume (mL) 283.9 ± 141.1 260.3 ± 112.9 0.59
Postvoid residual (mL) 14.4 ± 12.4 35.1 ± 70.2 0.09
Bladder capacity (mL) 298.3 ± 135.5 295.4 ± 101.4 0.94
BOO index (Pdet at
Qmax e 2  Qmax)
2.11 ± 60.6 18.8 ± 28.1 0.34
Detusor overactivity 7 (77.8) 24 (61.5) 0.36
Bladder outlet obstruction 3 (33.3) 14 (35.9) 0.89
Data are presented as n (%) or mean ± SD.
BOO ¼ bladder outlet obstruction; Pdet.Qmax ¼ detrusor pressure at Qmax;
Qmax ¼ maximum ﬂow rate; UUI ¼ urgency urinary incontinence;
VUDS ¼ videourodynamic study.
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six patients, BOO in one patient, impaired detrusor contractility in
one patient, and normal ﬁndings in two patients. McCallum et al30
reported that 21/180 men who had been treated for incontinence
following radical prostatectomy remained incontinent 2 years later.
Sixteen of the 21 men were evaluated, and half had USI together
with UUI or decreased bladder compliance. The authors empha-
sized that SUI was one of the predominant symptoms, but comor-
bid detrusor dysfunction had to be taken into consideration.
Castille et al31 prospectively assessed 229 men who were
scheduled to undergo radical retropubic prostatectomy with pre-
operative urodynamics in an attempt to help physiotherapists to
predict postoperative incontinence. They observed that all men
diagnosed with DO or BOO were incontinent 6 weeks after the
operation, but incontinence had improved 4 months later. They
stressed that DO and BOO in those undergoing radical retropubic
prostatectomy are signiﬁcant risk factors for postoperative
incontinence.
Thus, it is important to investigate if preoperative VUDS ﬁndings
can predict postoperative urinary incontinence. This small case
series study did not reveal signiﬁcant differences in preoperative
VUDS parameters between patients with and without SUI except
for a smaller FS and the presence of BOO. Patients with post-
operative SUI had signiﬁcantly larger prostates, longer operation
times, and higher cancer stages than those without SUI. A higher
rate of baseline BOO was also noted in the SUI than the non-SUI
group (57.1% vs. 33.3%). These results suggest that a more difﬁcult
and complicated surgery might be undertaken during radical
prostatectomy, which might result in less tissue preservation of the
urethral striated sphincter, causing prolonged SUI after radical
prostatectomy. Surgical techniques have been raised as a factor in
continence outcomes, but they are often surgeon-dependent and
lack validation.13
Because of the absence of the prostate and prostatic urethra, the
resistance of the bladder outlet is lower after the operation and the
risks of both SUI and UUI increase compared with that in the
general population.32 Some predisposing factors may further
exaggerate the situation, such as DO and a low maximal urethral
closure pressure.26,33e36 In this study, BOO was a predictor for
postprostatectomy SUI. According to a previous study, BOO results
in serial changes in bladder function. Increasing Pdet and decreased
bladder capacity and compliance were noted as compensatory
changes in the early stage in an animal model.37 Therefore, after
BOO is corrected, a relatively higher Pdet might still present
together with lower bladder outlet resistance after prostatectomy.
It is reasonable that the risk of SUI may increase in patients with a
higher degree of BOO and the presence of DO preoperatively. A
similar situation has been noted in patients after transurethral
resection of the prostate. Urethral sphincter insufﬁciency was also
observed to be the most common cause of bladder dysfunction.38
Partial BOO was a cause of bladder overactivity in experimental
animals, leading to signiﬁcant changes in micturition.39 In this
study, a small volume at FS was found in the SUI group. Interest-
ingly, the trends of a smaller bladder capacity, smaller FSF, lower
bladder compliance and higher BOO index at baseline were also
noted in patients with postoperative SUI compared with those
without SUI. Although the difference compared with the non-SUI
group did not reach statistical signiﬁcance, these VUDS ﬁndings
are in accordance with a smaller FS in the SUI subgroup. Put
together, these bladder dysfunctions might indicate a more sensi-
tive bladder due to BOO and might predict prolonged SUI after
radical prostatectomy.
The surgical technique for bladder neck reconstruction seems
important in early urinary control after radical prostatectomy.
Noguchi et al40 evaluated a standard versus modiﬁed radicalprostatectomy technique in which the anterior attachment of the
puboprostatic ligament to the pubic bone was preserved, to which
the newly created vesico-urethral anastomosis was suspended.
Three months after surgery, the abdominal leak point pressure,
functional urethral length, and maximal urethral pressure were
measured. The “suspension” group had a signiﬁcantly better
continence rate and signiﬁcantly higher leak point pressure.
In this study, the presence of baseline DO and BOO were not
signiﬁcant predictor factors for postoperative urgency or UUI at 6
months, but the baseline BOO had a stronger relationship with the
postoperative SUI. This may be because it was hard to distinguish
SUI, UUI, or mixed incontinence speciﬁcally after the operation.
Cough- or abdominal strain-induced UUI may be mistaken for SUI.
Thus, the number of cases of UUI could have been underestimated.
Accordingly, routine urodynamic investigation is recommended in
patients who are going to receive radical prostatectomy to obtain
comprehensive information and clarify underlying urodynamic
anomalies.
Another possible reason for lack of association between baseline
DO and postoperative urgency or UUI is partial denervation during
radical prostatectomy. The pelvic plexus might be injured during
dissection of the pelvic lymph nodes and endopelvic fascia.
Detrusor contractility may be impaired during radical prostatec-
tomy. Ten of 110 patients (9.1%) undergoing radical prostatectomy
were observed to exhibit de novo DU during a postoperative uro-
dynamic study.41 Postoperative DU following radical prostatectomy
was noted to be an irreversible phenomenon persisting even over
the long term. In another study, DU was observed in 108/264 pa-
tients [41%; 95% conﬁdence interval (CI) 35%, 47%] who underwent
postoperative urodynamic study, of whom 48% demonstrated
abdominal voiding.23 In this study, preoperative DOmight not have
indicated persistent urgency symptoms or UUI after radical pros-
tatectomy. This result suggests that baseline DOmight resolve after
radical prostatectomy due to partial denervation, but the presence
of low urethral resistance might activate de novo urgency or UUI.
Limitations of this study were the small case number, short
follow-up period, and lack of postoperative VUDS. However, PPI
lasting for > 6 months usually results in patient dissatisfactionwith
the operation. Patients should be informed about possible post-
operative bladder problems before a radical prostatectomy is
considered.
5. Conclusion
Patients with a small FS in the bladder, large prostate size, and
BOO preoperatively have higher risks of SUI at 6 months after LRP
than those without these predictors. DO and BOO did not have an
impact on postoperative urgency or UUI.
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